Abstract. Neurodegenerative disorders such as Alzheimer's disease (AD) are multifaceted and there are currently a limited number of therapeutic strategies available to treat them. Aspirin is known to act on multiple therapeutic targets and is a successful anti-inflammatory agent in various tissues. The present study aimed to ascertain the performance of aspirin when employed as a therapeutic agent to treat neurodegeneration on novel targets, including opioid system genes, in an AlCl 3 -induced neurotoxicity mouse model. The effects of two doses of aspirin (5 and 20 mg/kg aspirin for 12 days) were investigated in an AlCl 3 -induced neurotoxicity mouse model (150 mg/kg AlCl 3 for 12 days). Neurological improvements were assessed through different behavioral tests and the effects of aspirin on opioid system gene expression levels were assessed by reverse transcription-polymerase chain reaction. Both doses resulted in improvements in cognitive behavior. A 5 mg/kg dose of aspirin was revealed to be effective for spatial memory improvement (7.14±0.84 sec), whilst a 20 mg/kg dose was superior for improving extinction learning (7.63±4.04%). Aspirin (5 mg/kg) also significantly improved contextual memory (48.05±10.6%) when compared with the AlCl 3 -treated group (1.49±0.62%; P<0.001). Aspirin was also observed to significantly decrease δ-opioid receptor expression in the cortex (1.09±0.08 and 1.27±0.08, respectively) at both doses (5 and 20 mg/kg) when compared with the AlCl 3 -treated group (3.69±1.43; P<0.05). Furthermore, aspirin at 5 mg/kg significantly reduced expression of prodynorphin in the cortex (0.57±0.20) when compared with the AlCl 3 -treated group (1.95±0.84; P<0.05). Notably, the effect of aspirin was significant in the cortex but not in the hippocampus. In summary, aspirin was effective in ameliorating the AD-like symptoms via the modulation of opioid systems. However, additional studies are required to determine the long term effects of aspirin on such conditions.
Introduction
The worldwide prevalence of dementia was 35.6 million in 2010, with 58% of patients with dementia residing in countries of low or middle income (1) . There are multiple causes associated with neurodegenerative diseases. Certain chemicals, including trace elements and metals, such as aluminium, copper, arsenic, mercury, lead and manganese, are neurotoxicant in high amount (2) . In particular, aluminium is known for its neurotoxicant properties (3) . Aluminium exposure through the oral route results in an accumulation within the body, particularly the brain (4, 5) , causing a number of neurological disorders, including Alzheimer's disease (AD) (6) . An epidemiological study supported the hypothesis of an association between chronic exposure to aluminium and the incidence of AD (7); however, this has yet to be elucidated. Additionally it has been revealed that levels of aluminium are elevated in the brains of patients with AD (8) .
Nonsteroidal anti-inflammatory drugs (NSAIDs) are used to treat inflammation (9) . NSAIDs primarily inhibit cyclooxygenases (COXs), and their role in the modulation of ion channels and nociceptors is well established (9) . NSAIDs have been shown to decrease the risk of AD by 50% (10, 11) . Amongst the NSAIDs, aspirin (acetylsalicylic acid) is one of the most prominently used in medical practice. Aspirin is widely utilized for the treatment of vascular dementia and possesses potential as a therapeutic agent in neurodegenerative disorders (12, 13) . Aspirin has been revealed to target pathological pathways in neurodegenerative disorders (14, 15) , however, the exact mechanisms of action of aspirin have yet to be elucidated. Furthermore, there is limited data concerning the therapeutic efficacy of aspirin on the opioid system in AD.
Endogenous opioid neuropeptides (including dynorphins and enkephalins) and their receptors (κ and δ) are important in modulating sensory, motivational, emotional, and cognitive function and addictive behaviors (16) (17) (18) . Different types of Memory-enhancing effect of aspirin is mediated through opioid system modulation in an AlCl 3 opioid receptor (including µ, δ and κ) have unique patterns of distribution within the human brain, typically displaying a high density in gray matter, and are preferentially found in limbic and limbic-associated brain structures (19, 20) . The distribution of opioid receptors in these areas have a critical role in higher cognitive and emotional behaviors. These effects are hypothesized to be mediated by modulating neuronal firing, and the release of neurotransmitters and hormones (21, 22) . Dynorphins, for example dynorphin A (Dyn A), Dyn B and α-neoendorphin, are derived from the long precursor prodynorphin (Pdyn), and modulate cognition through κ-opioid receptors (KOR) (23) (24) (25) . Enkephalins, namely met-and leu-enkephalins, are produced by the proteolytic cleavage of pre-proenkephalin (Penk), which is responsible for the modulation of learning and memory (26) , synaptic plasticity (27) , and emotional behaviors (28) .
Peptide (including somatostatin, corticotrophin releasing factor and opioid peptide) neurotransmission is vital for normal cognitive functions; however, it is impaired in neurodegeneration (29) . There is strong evidence to suggest that alterations in the level of neuropeptides may be associated with neuropathology (30, 31) ; however, the exact roles of the majority of peptides involved in neurodegeneration remains unclear.
The opioid system is hypothesized to have an association with neuropathology, making it an attractive therapeutic target in neurodegeneration. Thus, the present study aimed to assess the performance of a frequently used multi-targeting therapeutic agent, aspirin, known for its effectiveness against such novel targets, for the treatment of neurodegeneration induced by AlCl 3 . The results observed were promising in favour of the use of aspirin.
Materials and methods
Drugs and chemicals. AlCl 3 hexahydrate (cat no. AL0770) was purchased from Scharlab, S.L. (Barcelona, Spain), aspirin (batch no. 3083) was purchased from the Reckitt Benckiser Group plc, (Karachi, Pakistan) and TRIzol was purchased from Invitrogen (Thermo Fisher Scientific, Waltham, MA, USA). Chemicals used for polymerase chain reaction (PCR), including MgCl 2 , dNTPs and Taq polymerase (EP0402), were purchased from Fermentas (Thermo Fisher Scientific, Inc.).
Animals.
All experiments performed complied with the Guide for the Care and Use of Laboratory Animals (32) . The protocol was approved by the Internal Review Board, Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology (Islamabad, Pakistan). Male BALB/c mice (age, 3-4 months; weight range, 27-45 g) were purchased from the National Institute of Health (Islamabad, Pakistan). Mice were housed in a controlled environment (temperature, 25±2˚C; natural light and dark cycle), and were provided with tap water and a standard diet. A total of 40 mice were used in this study (n=7-12 per group) and each mouse was assigned a unique identity. 3 -induced neurotoxicity, study design and aspirin treatment plan. An AlCl 3 -induced neurotoxicity mouse model was developed as previously reported by our laboratory (33) . Animals were divided into four groups, termed: i) Control group, received normal saline through intraperitoneal (IP) injection for 12 days; ii) AlCl 3 -treated group, received 150 mg/kg AlCl 3 through IP injection according to the weight of mice every day for 12 days; iii) aspirin 40 ppm group, received a 5 mg/kg dose of aspirin (40 ppm mixed in feed for 12 days; and iv) aspirin 160 ppm group, received a 20 mg/kg dose of aspirin (160 ppm mixed in feed for 12 days). The required dose/kg of aspirin was delivered by adding aspirin into the feed. The ppms of aspirin were calculated based on the feed consumption of mice prior to the commencement of the study.
Animal model for AlCl
Behavior testing. Behavior tests were performed on day 12 of treatment between 12:00 and 6:00 p.m. with minimal human interference. All tests were recorded using a video camera (Sony Corporation, Tokyo, Japan)and analyzed offline. The mice were transferred to the testing room 30 min prior to the first test.
Spatial reference memory
The Morris water maze test protocol was performed as previously described (33, 34) , with slight modifications. In this test, a 90-cm diameter pool containing a hidden platform submerged in the south western quadrant 1 cm below the surface of water was included. The water pool was made opaque and the temperature of the water was maintained at 20±2˚C. The room contained high contrast spatial cues, including black geometric shapes against a white wall background.
Procedure. The test commenced on the seventh day of treatment and trials were conducted each day for the next 6 days. Mice underwent five trials each day with an inter-trial interval of 10 min. The platform position remained consistent throughout the trials while mouse starting direction differed in each trial. Maximum trial duration was 60 sec, and the time taken by the mouse to reach the platform was recorded and plotted as escape latency. In the event of a mouse failing to locate the platform within the duration, the mouse was guided to the platform and escape latency (sec) for that trial was taken as 60 sec.
Test trial. On the sixth day of the test, animals were assessed for their memory by performing a test trial. During test trial, the platform was removed, and the time spent by the mouse within the platform quadrant was recorded and plotted as platform exploration time (sec).
Social interaction behavior.
The procedure was performed as described previously (33) . The apparatus consisted of an iron box (40x40x40 cm) and two identical small cages placed within the box. The treated mice were termed test subject, and two further mice were termed mouse A and B, respectively. Mice A and B were of the same background with respect to age, gender and weight, and had not had any prior contact with the test subject mice.
Session I: Social affiliation test. Following a habituation period of 5 min inside the box, the cage containing mouse A was placed on one side of the box and an empty cage was placed on the other side. The test subject was allowed to explore both cages for 10 min and the time spent with the empty cage (defined as the test subject facing the cage, with a distance of <1 cm between the test subject and the cage) and mouse A were recorded. The percent interaction time (%) was calculated by the dividing the time spent exploring by the total time for mouse A and the empty cage.
Session II: Social novelty preference test. In this session, the empty cage was replaced with mouse B and mouse A remained unchanged. The test subject was allowed to explore for 10 min and the interaction time (%) was calculated by dividing the percent of time spent exploring with mouse A or mouse B by the total time.
Discrimination index (DI).
DIs for sessions I and II were calculated using the following formulas:
Time spent with mouse A + time spent with empty cage
Time spent with mouse A + time spent with mouse B
Nesting behavior. The organizational behavior of the mice was assessed through the nesting test, following a previously described protocol (35) . The test mice were kept in individual cages, containing a nestlet (a compressed cotton batting of weight 2 g), 1 h before the dark phase started. The following morning, the mice were scored between 1 and 5 dependent on the utilization of cotton and the quality of the nest, as follows: 1, cotton not noticeably touched; 2, cotton partially torn up; 3, cotton mostly shredded with no identifiable location; 4, identifiable nest but flat; 5, perfect or nearly perfect nest.
Fear learning and memory testing
Fear conditioning. Fear conditioning protocol was performed as previously described (36), with slight modifications. The system was loaded with an audio speaker to provide a tone [conditioned stimulus (CS)] of 3,000 Hz, 80 dB intensity and 30 sec duration. A foot shock [US (unconditioned stimulus)] was delivered at the end of the CS for 1 sec with 0.5 mA intensity. The test trial consisted of 2 min habituation followed by five CS-US pairings, each with 2 min intervals. Freezing was assessed as an index of fear response during the 30 sec of CS. Contextual fear. Context-dependent fear memory was measured 24 h after fear conditioning in the same box in the absence of CS or US. The freezing response to the context was measured for 5 min.
Fear extinction. Fear extinction was performed in a different context to that of the fear conditioning chamber. The box utilized for this experiment was made of plastic. Following 7 min of habituation in the chamber, animals were exposed to 20 CS trials with each trial lasting for 30 sec and followed by a 30 sec interval. Freezing response was measured during CS trials and plotted.
Gene expression analysis. Gene expression analysis was performed in accordance with the previously described protocol (37) . After completion of the behavior assessments on day 12, animals were anesthetized with diethyl ether (676845; Sigma-Aldrich, St. Louis, MO, USA) and sacrificed by decapitation in order to extract the cortex and hippocampus. RNA was extracted using TRIzol reagent, according to the manufacturer's protocol. From each sample, 1 µg extracted RNA was selected and reverse transcribed by reverse transcriptase (Fermentas; Thermo Fisher Scientific, Inc.) to produce cDNA (40 µl). cDNA was used for targeted gene amplification by PCR using gene-specific primers (Eurofins Genomics GmbH, Ebersberg, Germany) with different annealing temperatures, as indicated in Table I . The thermal cycling conditions were as follows: Initial denaturation at 95˚C for 5 min followed by denaturation at 94˚C for 30 sec, annealing for 30 sec and an initial extension at 72˚C for 30 sec. This cycle was repeated for a specific number of times at specific annealing temperatures, as detailed in Table I . The final extension was performed at 72˚C for 10 min. Actin was used as a housekeeping gene and to normalize gene expression. PCR amplified products were run on 2% agarose gel (Bio Basic, Inc., Markham, ON, Canada) and visualized by ethidium bromide staining (E7637; Sigma-Aldrich). The gel images of PCR product bands were captured and saved using a Dolphin-Doc Plus gel imaging system (1141004; Weltec Corporation, Sparks, NV, USA). Each PCR product band was quantified for densitometry using ImageJ software (National Institutes of Health, Bethesda, MO, USA; http://rsbweb.nih.gov/ij/).
Statistical analysis.
Results were analyzed statistically using GraphPad Prism software, version 5.0 (GraphPad Software, Inc., San Diego, CA, USA). For statistical analysis Bonferroni multiple comparison test was applied. P<0.05 was considered to indicate a statistically significant difference. Data are expressed as the mean ± standard error of the mean, where n indicates the number of animals/observations.
Results

Aspirin enhances spatial reference learning and memory in
AlCl 3 -treated mice. Aspirin was investigated in order to determine its involvement in spatial reference memory through the use of the Morris water maze task. The AlCl 3 -treated group displayed impairments in the spatial reference memory test and learnt at a reduced pace (Fig. 1A) , as demonstrated by the increased escape latency in the final 3 days (16.22±1.49 sec) when compared with the control group (7.53±1.21 sec; P<0.05; Fig. 1B) . Aspirin administered at a dose of 40 ppm produced a memory enhancing effect (7.14±0.84 sec) from days 3-5; indicating its effectiveness compared with the AlCl 3 -treated group (P<0.05), whilst doses of 160 ppm were not as effective, compared with the AlCl 3 -treated group (Fig. 1B) . During the test trial, which was performed on day 6 and involved the removal of the platform and recording of the time spent by the mouse within the platform quadrant, aspirin displayed a marked effect on spatial reference memory at doses of 40 and 160 ppm (38.83±5.03 and 36.82±5.51 sec, respectively), when compared with the AlCl 3 -treated group (13.43±2.03 sec; P<0.001; Fig. 1C ).
Aspirin improves social affiliation and social novelty preference in mice. Aspirin was investigated for its effects on the sociability of mice by utilizing social interaction behavior. In session II, the empty cage was replaced with a new unfamiliar mouse (mouse B), and the mice were tested for social memory and social novelty preference. The AlCl 3 -treated group displayed significantly reduced interaction levels with mouse B, compared with the control group (7.94±3.48 vs. 41.73±6.27%, respectively; P<0.001). Following treatment with aspirin (40 and 160 ppm), social novelty preference was improved as compared with the AlCl 3 -treated group (28.69±6.12 and 37.01±6.89%, respectively; P<0.01 and P<0.001; Fig. 2C ).
AlCl 3 -treated mice failed to demonstrate a preference for social novelty and spent similar amounts of time with mouse A (5.86±2.59%) and mouse B (7.94±3.48%). This was in contrast to the control group, which displayed a significantly greater percent interaction time with mouse B (41.73±6.27%) than with mouse A (17.08±2.55%; P<0.01). Mice treated with Aspirin improves nesting behavior in mice. Aspirin was investigated for its role on nesting behavior. The AlCl 3 -treated group displayed a significant impairment in nest building behavior when compared with the control group (1.63±0.49 vs. 4.50±0.27, respectively; P<0.001). However, treatment with aspirin (40 and 160 ppm) resulted in significant improvements in nesting scores (4.37±0.49 and 3.79±0.52, respectively; P<0.001; Fig. 3 ) when compared with the AlCl 3 -treated group.
Aspirin elevates contextual fear memory and enhances fear extinction learning in mice.
Aspirin was investigated for its role on fear memory and fear extinction learning through fear conditioning, and contextual memory and fear extinction tests. During conditioning, all groups of mice displayed similar levels of freezing response, which was employed to measure levels of fear (P>0.05; Fig. 4A ).
After 24 h of fear conditioning, mice were assessed for context-dependent fear memory. The AlCl 3 -treated group displayed significantly decreased levels of freezing (1.49±0.62%) in the context compared with the control group (26.81±7.92%; P<0.05). Mice treated with aspirin displayed an elevated freezing response at doses of 40 ppm (48.05±10.6; P<0.001) and 160 ppm (27.25±8.06; Fig. 4B ) compared with the AlCl 3 -treated group.
Mice were then assessed for fear extinction learning. The control group and the aspirin-treated groups (40 and 160 ppm) 
Aspirin does not affect Penk expression.
Within the cortex, increased mRNA expression levels of Penk were observed in the AlCl 3 -treated group compared with the control group; however, the difference was not significant (1.71±1.10 vs. 0.42±0.05, respectively; P>0.05). The levels of Penk in mice treated with 40 and 160 ppm aspirin were not significantly different when compared with the AlCl 3 -treated group (0.79±0.09 and 0.62±0.14, respectively; P>0.05; Fig. 5A ).
Within the hippocampus, no significant differences in the levels of Penk were observed in AlCl 3 -treated mice compared with the control group. Following treatment with aspirin at both doses, expression levels remained unchanged (Fig. 5B) .
Aspirin decreases Pdyn expression in the cortex. Within the cortex, Pdyn expression levels were significantly elevated in the AlCl 3 -treated group compared with the control group (1.95±0.84 vs. 0.49±0.08, respectively; P<0.05). Treatment with aspirin resulted in a decrease in Pdyn expression levels at the 40 ppm dose compared with the AlCl 3 -treated group (0.57±0.20 vs. 1.95±0.84; P<0.05); however, at the 160 ppm dose, no significant effect was observed (Fig. 6A) .
In the hippocampus, despite a general trend depicting an increase in Pdyn expression levels, there was no significant difference in Pdyn expression levels in the AlCl 3 -treated group compared with the control group (2.50±1.53 vs. 1.13±0.34, respectively; Fig. 6B ). Furthermore, Pdyn expression levels in mice treated with aspirin doses of 40 and 160 ppm were not significantly different (0.90±0.11 and 1.01±0.16, respectively) when compared with the AlCl 3 -treated group (2.50±1.53; Fig. 6B ).
Aspirin decreases δ opioid receptor (DOR) expression in the cortex.
Within the cortex, DOR expression levels were significantly elevated in the AlCl 3 -treated group compared with the control group (3.69±1.43 vs. 0.86±0.10; Fig. 7A ). Treatment with aspirin resulted in a significant decrease in DOR expression levels at doses of 40 (1.09±0.08) and (1.27±0.08) 160 ppm compared with the AlCl 3 -treated group (3.69±1.43; P<0.05; Fig. 7A ).
Within the hippocampus, no significant differences in DOR expression levels were observable in the AlCl 3 -treated group compared with the control group (2.76±1.41 vs. 1.04±0.33; Fig. 7B ). Furthermore, DOR expression levels in the mice treated with aspirin doses of 40 (1.41±0.13) and 160 ppm (1.49±0.32) were not significantly different when compared with the AlCl 3 -treated group (3.69±1.43; P<0.05; Fig. 7B ). 
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Aspirin does not affect KOR expression. Within the cortex, no significant differences in KOR expression levels were observed in the AlCl 3 -treated group compared with the control and aspirin-treated groups at both doses (P>0.05; Fig. 8A ). Similarly, within the hippocampus, no significant difference in KOR expression levels were observed in the AlCl 3 -treated group (1.59±1.02) compared with the control group (0.86±0.23) or 40 and 160 ppm aspirin-treated groups (0.44±0.03 and 0.45±0.06; P>0.05; Fig. 8B ).
Discussion
Aspirin is an anti-inflammatory drug that is known to reduce the synthesis of prostaglandin through the inhibition of COXs (38) . Aspirin has multiple therapeutic targets, including 
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COD enzymes and acid-sensing ion channels (39) (40) (41) . As a result the present study aimed to assess the performance of aspirin against novel peptide targets, including Pdyn, Penk and their respective receptors, KOR and DOR. The opioid system is known for its role in neurodegeneration, cognitive impairment, behavioral dysfunction, amyloid β production and the hyperphosphorylation of τ proteins (42, 43) .
The hippocampus and cortex are regions of the brain that are vital for learning and memory, and are highly susceptible to damage in the early stages of neuropathology (44) . The Morris water maze is typically employed to asses hippocampus-and cortex-dependent learning (34) . Elevated expression levels of dynorphin and enkephalin within the hippocampus interfere with spatial learning and memory, and the effect is mediated by opioid receptors within the dorsal hippocampus (45) . Through the results of the Morris water maze experiment, the present study revealed that mice treated with aspirin displayed improvements in learning, which is in accordance with observations made in a prior study (46) . In the present study, mice treated with aspirin (40 ppm) displayed enhanced levels of learning during the final 3 days of assessment. A potential mechanism by which aspirin improved cognitive impairment may be a result of the downregulation of Pdyn and DOR expression levels in the cortex. The present study observed that a 40 ppm dose of aspirin was more beneficial than a 160 ppm dose in the Morris water maze test. In accordance with previous studies (46, 47) , the present study revealed a significant distinction in certain aspects of cognitive performance for mice treated with aspirin, compared with an AlCl 3 -treated group.
Social interaction behaviors are dependent on the hippocampus and cortex regions of the brain (48) . KOR agonists were previously revealed to suppress all measures of social play in juvenile mice (49) , confirming the inhibitory effects of elevated expression levels of dynorphin on the social behavior of mice. The present study revealed that aspirin-treated mice presented with significantly greater sociability levels when compared with the AlCl 3 -treated group. In addition, aspirin-treated mice displayed improved results in social novelty preference at both doses of aspirin administered (40 and 160 ppm) and the underlying mechanism may involve a reduction in dynorphin expression levels. However, further investigation is required to consolidate upon this hypothesis. These data suggest the potential of aspirin in cognition, as well as social behavior.
Mice construct nests for the purpose of thermoregulation and reproduction. Nesting behavior in mice indicates the integrity of the hippocampus and the cortex (35) . Mice with lesioned hippocampi did not exceed a score of 3 in the nest scoring system in the present study, whilst scores of 4 or 5 indicated a high quality nest and, hence, a healthy hippocampus. Aspirin-treated mice displayed improved nesting scores with either of the two doses administered. Nest construction is a natural, species-typical behavior in rodents (50) and may be considered analogous to the ̔activities of daily living̓. Thus, the present study provides evidence to suggest that aspirin has the ability to improve non-cognitive behaviors or the activities of daily living in neurodegenerative patients.
The parts of the brain involved in fear memory, including fear acquisition, contextual fear and fear extinction, are the amygdala, hippocampus, cortex and prefrontal cortex (51, 52) . Mice treated with aspirin (40 and 160 ppm) displayed improved fear acquisition levels during fear conditioning sessions, enhanced contextual fear memory levels and improved extinction learning compared with the AlCl 3 -treated mice. This exemplifies a novel role for aspirin in improving hippocampus and amygdala-dependent learning, and extending the therapeutic potential of aspirin in neurodegenerative diseases.
Endogenous dynorphin is involved in learning and memory through the inhibition of presynaptic glutamate release via KOR and modulation of its long-term potentiation (LTP), as a retrograde inhibitory neurotransmitter (53) . Cognitive and behavioral deficits arise as a result of enkephalin upregulation and DOR alteration in neurodegeneration (53) . It therefore follows that a cause of cognitive decline in neurodegeneration is elevated levels of dynorphins and enkephalins (45, 54) . The data presented in the current study concerning the expression levels of opioid system genes (Penk, Pdyn and their respective receptors, DOR and KOR), revealed that aspirin treatment decreased the expression levels of opioid system genes, which may be one of several mechanisms through which aspirin restores features damaged by cognitive impairment.
The results of the current study demonstrated that the opioid system is partially affected by aspirin, as was evident by the absence of differences in hippocampal expression levels of opioid system genes (Penk, Pdyn, KOR and DOR) among the three groups (control, AlCl 3 -treated and aspirin-treated). Within the cortex, aspirin displayed a dose-specific effect, with only the 40 ppm dose of aspirin causing a reduction in the expression levels of Pdyn. The expression levels of DOR were affected at both doses of aspirin; however, no significant change in Penk or KOR expression levels were observed; rather, only a general trend toward decreased expression was observed. The hippocampus and cortex are equally important in neurodegenerative disorders, however, acetylcholine release (which is involved in the pathology of AD) has a greater effect on opiate agonists in the cortex in the brains of rats compared with the hippocampus, where opiate agonists display a dose-dependent effect on acetylcholine release (55) . Considering the acetylcholine hypothesis concerning AD (56), we hypothesize that the opioid system will have marked effects on neurodegeneration and AD pathogenesis within the cortex through the reduction of acetylcholine release. Furthermore, the present study revealed that aspirin was more effective within the cortex, although the mechanism regarding its effect here remains unknown. In the cortex, aspirin significantly decreased the expression levels of Pdyn and DOR genes; this was accompanied by improvements in cognitive and non-cognitive behaviors. Another possible association between aspirin and dynorphin may be LTP, as aspirin is hypothesized to reverse LTP impairments (57) that occur as a result of elevated levels of dynorphin (53) , thereby improving learning and memory.
Additionally, aspirin is known to improve cognitive decline in neurodegenerative disorders through multiple mechanisms (58) (59) (60) and, at higher doses, attenuation of inflammatory processes through the inhibition of COXs. The exact mechanism of action of aspirin within various disorders, including AD, remains relevant and requires further exploration.
In conclusion, aspirin improved learning, memory, social behavior and non-cognitive behavior in mice by decreasing Pdyn and DOR expression, suggesting its therapeutic potential as multitarget drug for AD. Further studies are required to assess long term effects and benefits of aspirin in AD.
